We use model simulations from the CESM1-CAM5-BGC-LE dataset to characterise the Arctic sea ice thickness internal variability both spatially and temporally. These properties, and their stationarity, are investigated in three different contexts: (1) constant, pre-industrial, (2) historical and (3) projected conditions. Spatial modes of variability show highly stationary patterns regardless of the forcing and mean state. A temporal analysis reveals two peaks of significant variability and despite a non-stationarity on short time-scales, they remain more or less stable until the first half of the 21st century, where 5 they start to change once summer ice-free events occur, after 2050.
unrealistic values in this area.
In this paper, we use the monthly averaged Arctic sea ice thicknesses (SIT) provided over the 3 periods (pre-industrial, historical and future). The variability analysis is applied on the SIT and sea ice volume (SIV) anomaly time series. The trend and 60 seasonal cycle are removed to focus on the long-term variability. The anomaly is calculated in three steps. For each month, we build a time series with all values of that month over the entire period. Then, we compute the second degree polynomial fitting the time series. Finally, we remove that polynomial fitting from the original time series. Repeating those steps for each month, we get the original time series without the trend and seasonal cycle. 
Variability analysis
In order to characterise the internal variability of the Arctic SIT, we aim at inspecting how it evolves over time and whether there are regions marked by different variabilities. Usual spectral analyses assume stationary of the time series. Having no certainty about the stationary character of the SIV time series even over long periods, we performed the analysis of the temporal variability of the SIV time series by means of wavelet analysis following the methodology proposed by Torrence and Compo The spatial variability is analysed by computing the EOFs on the SIT anomaly time series as conducted by Lindsay and 75 Zhang (2006) . This decomposition reduces the large number of variables of the original data to a few variables, but without compromising much of the explained variance. Each EOF represents a mode of SIT variability that provides a simplified representation of the state of the SIT at that time along that EOF. In other words, the EOFs themselves are fixed in time but their weighting coefficients are time-varying; the associated time series (one for each mode) indicate in which state the SIT is at any time (Hannachi, 2004) . The analysis is made on the gridded SIT anomaly time series, over the same periods as defined 80 for the temporal analysis, except for the future climate period which spans from 2006 to 2050 (reasons are given in Section 3.1).
By applying the analysis separately over the 3 periods we aim to document the internal variability in the absence of any external forcing during the pre-industrial period and estimate the evolution of the SIT internal variability under anthropogenic forcing, by comparing the pre-industrial results with those for the historical and future periods. 
Temporal variability
The results from the wavelet analysis are presented in Figure 1 , in which the global wavelet spectrum is shown as a function of time (bottom-left of each subfigure). The time-integrated wavelet spectrum is also shown (bottom-right), which is a timeintegrated power of the global wavelet spectrum. The significance level of the time-integrated wavelet spectrum is indicated 90 by the dashed curve; it refers to the power of the red noise level at the 95% confidence level that increases with decreasing frequency.
The temporal variability of the Arctic SIV anomaly over the pre-industrial period is depicted in Figure 1a . The time-integrated power spectrum (bottom-right) shows 2 peaks of significant variability. The first peak corresponds to a period centered on 8 95 years but spanning from 5 to 10 years. The second one corresponds to a period of 16 years spanning from 10 to 20 years.
Another peak, presenting a periodicity of 42 years, is present but not taken into account since the peak is below the significance level. The wavelet power spectrum is presented in the bottom-left panel of Figure 1a , in which the significant variability is highlighted by the regions enclosed by the yellow line. Two first peaks are present throughout the period, but they do not appear together at the same time. Depending on the time, either the 8-or 16-years peak is the dominant peak. For instance, 100 the 8-years peak is dominant during the 1780-1810 and 1825-1840 periods, and the 16-years peak during the 1750-1790 and 1830-1850 periods.
Over the historical period, the Arctic SIV temporal variability shows a first peak centered on 5 years and two others centered on 10 and 16 years, all with 95% reliability. Regarding the wavelet power spectrum, it exhibits a constant line of variability at 105 16 years and another one, but less constant over the whole period, at 8 years. Those peaks and bands of variability are shown in Figure 1b . The future climate SIV wavelet analysis in Figure 1c presents a clear loss of variability after the year 2050. This loss of variability is visible in the SIV time series and is confirmed by both the wavelet power spectrum and the time-integrated power spectrum. The 2050 sudden loss of variability coincides with the ice-free summer events occurring at that time. Apart from that loss of variability, the wavelet power spectrum exhibits one band of 5-years variability during the 2010-2025 period 110 and another band of 16-years variability during the 2025-2050 period, both bands with 95% of confidence. The main characteristics of the temporal variability of the Arctic SIV under pre-industrial conditions seems to persist under anthopogenic forcing. The two main temporal peaks of variability centered on 8 years and 16 years, found in the pre-industrial run, are present as band of variability in the power spectrum or peak of variability in the wavelet spectrum in both the historical 115 period and the first half of the 21st century. Furthermore, the SIV variability seems to be non-stationary. Indeed, for a certain period, the main periodicity of the SIV variability can be either centered on 8 or 16 years.
Spatial variability
The spatial variability of the Arctic SIT anomaly is depicted by the major modes of variability in Figure 2 . For each period, the modes are sorted by percentage of variability explained. The first mode, which explains most of the variability, represents 
